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INItRSPHCIFlC AND INTEKGKNKRIC RELATIONS BETW'KKN NEMAIXIDES 
PARASITIC IN THE STOMACHS OF KANGAROOS AND WAI. LABI ICS 

by H Hoste* & 1. BEVERlDOFt 

Summary 

Hoste. H, <S Bf.viiKimiK, I (19‘)3) imer.ipecific and inicrgexiciic relations between nctnuiodes patHJiiiit in the 
stirmoch.'i of kangaroos and wall.tbies Trims, fi Soc. S, Au.vi 117(4), 171-177, 30 November. W93. 

Aasoctations between conspedfic and conlatnilial nematodes co-occuri ing at ttigh prcviilcnecs in the stomiichs 
of live eastern grey kangiitw. Mairoitus giguntrin, from Victoria, the red kangaroo, M. rufus (ioin Kew -South 
and rock w.il1abics of the PetroRule asiimUis spedes complex P ossimiln, M sharmani and P. marifctio, 
froni Queenshmd, W'ere investigated using principal comptmcnls analysis, A similar p.Htein ot associuttons wus 
found in each host species, consisting mainly of positive a.vsociafions between nrniaiodc species. Negative 
Bssnclaiions were found with Rugci[<harwx misimlis the numerically domiiiam ncnirnode in M. .giguniiw and 
M. rufin, and to a lesser extent with R. zi^ia in Perragalc spp. The complex ncmalode commuriiiie.s present In 
each host were shown to be .stable, with tew negative as.sodations between meiiibcrs. 

Khv Words Macnipus gigwUcm, Morropu\ rufis, Peuogale as.nnuti.':, nentaUxles. coramunilies. associations,, 
multivariate .inaly&l.s 



Introeluclion 

Para.site communities in hoincntheiimc animals arc- 
fr<X|Uently complex in nature, with many species of 
parasites occurring in an indiviciual host or host organ 
(Bush i'f ai 1990; Kennedy & Bush 1992). Because 
of the complexity of the community and, Irequently, 
the large numbers of helminth species involved, ilw 
question as to whether community members interact 
Of have interacted in llie past to product a stable, 
predictable struclune or arc non-interaciive and result 
from a random coUectioo ol indqiendent, individual 
spccicfi. has received considerable atieniion (see 
Holmes 1986, Pnee J986), Evidence tor the existence 
of interactive conitnuniiies has liesn provided in the 
case ol ccstodcs of ducks (Bush & Holmes 1986 a,b) 
and trichositvmgyloid neinaiixles in sheep (Diez-Baiios 
rf at. 1:192. Hoste & Cabaret 1992) while at the other 
cxiTcme. the complex assemblages of monogcocan 
parasites present as ectoparasites of fishes appear to 
exhibit few interactions (Rhode 1979; Knskivaara & 
Valtonen 1992; Koskivaara ct at. 1992). 

Amongst nenialnde parasites, the best known 
examples of complex parasilc coiirmunitie-s existing 
within u single liost organ arc the oxyunhil nematodes 
of tortoises (Schatl 1963, Pettcr 1966). and the 
siaiagyloid nematodes of dephanis (Chabaud 1957), 
hofses (Kennedy & Bush 1992) and kangamo.s (liiglis 
1971. Kennedy & Bush 1992). In the case of kangaroos, 
up to 40 species of nematodes, all belongttig to a single 
Older, the Sirongylida, occur in the complex saccular 
fbre-stomachs of individual host specie.s (Spratt c7 ol. 
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19W), with numbers of parasites teaching 300,000 or 
more (sec Beveridge & Anmdcl 1979). .Several studies 
(Mykytowycz 1964; MykytowyczA Dud/.iiiski 1965; 
Smales & Mawson 1978b; Arundel rt al. 1979) have 
demonstrated that different s|rccics or genera of 
nematodes have different site preferences within the 
.sioinach.s of kangaroos, as is the case willt oxyuroid 
neniaunlcs in tortoises (Schad 196.3; Pettcr 1966), but 
there have been no studies undertaken to determine 
whether there i.s any evidence of interactions within 
tiicsc ItelmiiUh communities. 

Recently, Hoste &. Cabaret (1992) have utilised a 
principal componenls analysis (PCAl an<l comparison 
with the model ol Motomura <1947) in which the log^ 
abundance of a species is correlated with its rank in 
terms of abundance for exiiniiniftg ihe stability of 
uemntode communities m sheep and the existence of 
interactions between the .species or genera of parasites 
present with a host. In this paper, we apfly their 
techniques to examine whether there is evidence ol 
competitive inleraciiorts between the ncirmiodc 
paiasites present in the stomachs of three taxa of 
macropodkl marsupuiLs. 

Materials aird Methods 

fltmJimi’rtgfVij/ daiu 

Data uiill.Rcd in this smdy were obtained from earlier 
epidemiological studies on the parasites of 
macropodids. 

The daut for Petrogale a.isimills included 35 
specimens of !'■ a.\.\:imili.\ as well as live .specimens of 
what were loinieily known as the Mt Ouro and 
Marceha chromosomal races of tlii.s species. They have 
recently been named P- sharmani and P. mareeha 
respectively (Eldridge & Close 1992), Rock wallabie.s 
were collected over an extensive area of nortliern and 
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weMcrn Queensianii <see Beveridge el al. 19S9) during 
a study of the taxonomy of the hosts. Nematode taxa 
included in the study, their prevalence and nican 
intensity of infection are shown in Table 1, Any 
hcJmimh .species occurring outside the stomach, or al 
a prevalence of less than 10% e.g Cloadm iv»ilis, 
Coronosirmgylus loronatus, Lubioslrongylux 
baticrofii, Macropostrongylus peimgale eic.) was not 
considered to be a tore species (senxu Haiihsi 1982) 
and was excluded from the statistical analyses. In 
addition, nematodes such as W3od\mrdoslrong}’tuA- 
oberidorfi for which intensity data were not available, 
were also excluded. Since similarity cocfficicrits lor 
the helminth communities in R assimlis, P. shanmni 
and R mareeha are high (Bcveiidge el al. J989'|, 
combination of their data was considered justifiable. 

Data from Ma<ropus gigtinfcus were derived from 
an epidemiological study conducted at Van Yean, 
Vicloria, in which two adull and lour juvenile 
kangaroos were collcaod al sw-wcekly intervals over 

TxSLk I. Prei'ulence and inrensin i\f injection qf the 
princifHil ncniiUode patavles prf VPW in the yimmich dJ 39 
Pcirr.galc assiniilis. P. diariiumi ond P nmiTcba from 
Queensland 



Parasite species 


F*rcvalcnec 

(%) 


Mean 

Intensity 


gugnplialym zeta (Johnsliin &. 






iMaw.son, 1939) 


53 


2.190 


Ooacina peiwgalc Johnston & 






Mawson, 1938 


72 


390 


C. pearsum Maw«m, 1971 


98 


980 


C pana .lohnston & Mawson, 19.38 


KM 


780 


f, hsdriformi.s Johnston & Mawson, 






1938 


46 


200 


CJ. . 1 / 1 . (undescribed) (C sp. 1 of 






Reveridge el al 1989) 


54 


420 


Filariiwnia spp. 


33 


13 



if. dissnmk (Wood, 1931), F. ansicolv 
(Wbod, 1931), F. nuimmuu' Caiwue &. 
Qaccam. 1985) 



Txhi.f 2. EVpmi/ctcv iTiid fnrewrirv of mfcaion of ihe 
iirincipal nematode pacasires presem in the swmach of 45 
Mavropus giganleiis from ih/i Yean. Yiciaria. 



Parasite species 


Prevalence 

(%) 


Mean 

Intensity 


fbigapharsm mtslndis (Moniiiiw, 


1926) 


100 


46.290 


J? co.temunae Beveridee & 


Piesidente. 1978 


27 


2.210 


Cloacina spp. 


9S 


7,630 



IC. ubiu.su Johnston &. Mais-sua. 
1939, C cf. hydrijiifmis JohlUton ^ 
Mawsoii, I938i C cf. elegaas 
Johnston & Maw.son 1938) 



I^U/instf/wgylux spp 


73 


7(d) 


(L bipapillosus iJohiiston &. 
M.vwson, 1938), L kungi Mawson, 






1935) 

Phiirs7igc/s'rx>ngsius kupiHt Mawson, 






1965 


83 


9,350 


Sifongytoides sp. funde.scribed) 


39 


835 



a period of 10 months (Arundel el al. 199fl). The 
prevalence and mean intensity of infection for the 
principal nematode species in the stomachs of these 
hosts are shown in Table 2. Any Ticmalotk: species 
cKcurring in less than 10% of the host specimens (eg. 
Alocu.Ktoma liclundi) was excluded froiri the analy sis, 
tis were the species of intestinal cestodes. 

Data on the helminth parasites of Maempux rujits 
were collected at a single locality. Menindoe. New 
South Wale.s (see Anitidd ei at. 19^). with 12 anitnalv 
collected every two months, over a period of two 
years. Samples nf kangarcun were cnllectcd within 
Kinchega National Park and on j>ro|>erlies immediately 
adjacent to die Park. The only difference in prevalence 
deteaed was in the case of the bile duet inhabiting 
cesiode Prngamotaenia fextiva (see Arundel el at 
1979). No thnerences were delected in the inlensily 
of infection with any parasite. Hence it was consideicd 
valid to use curiibined data I'rom the two adjaccni 
collection iixalities (Table 3). Helminth parasites 
occurring at a low prevalence or intensity, such as the 
nematodes A/acropcsirongy/oides spp.. and 
HypiHlonlus maewpi and the ecsiodes Progamoiacmii 
luficutii and Tripioiaenia tindosa were excluded from 
the analysis. 

Changes in the nomenclature of parasites since the 
publication of the original epidemtoiogtcal papers have 
been indicated in Tables 1-3, together with appmpharte 
references. In M. g/gaKteni. individuals of die genus 
iMbioxtrrmgylux and in M tvfiis and M. giganteus 
members of the genus Cioudau were not idcniifitd 
in a quantitative fashion to .species level, because of 
inadequate information on the Uxonomy of these 
genera, though the species pieseni at each locality were 
recorded In M, giganieus, most of the species of 
Cloucinu present are undescrihed 



Tarip 3. Prevalence and intensity of infection of the 
principal nematode parasites present In the stomach of IW 
Macpopus rufus from Menindev, New South Wales 



P.trasite species ) 


Prevalence 

(%) 


Mean 

Intensity 


Rugiifiharytu australis (MOnniriu, 1926) 
yHillabinetmi cvhbi (Kung. 1948) (syn. 


99 


51,850 


Zonioluimus cobbi) 

Cloacina spp. 

(C. cf. hyidriformis Johnsion & 


84 


9.635 


Mawson. 1938. C 

espansu Johnston & Mawson. 1939, 
C. mucropodJs JoluiNion & 

Mawson, 1938) 

Labto.stron.gdus longispicutarn Wood, 


71 


3,090 


1931 


88 


332 


Filarinema spp. 

(F flagrifer Monning, 1929, F 
aUSlriilf (Wood, 1931)) 
Papilloslrcmgylus sp. (undescribed) 

(= P, kibiams Johnston & Mawson. 


92 


T9 


1939 sensu Arundel cs at 1919) 


41 


1.6Ktl 
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Stulisiical methods 

For each host species, a separate princi|)al 
component analysis (PCA) was performed, using the 
STATITCF computer program (I9R8), on both the 
Intensity data (semu Maigolis et ai, 1982) and the 
frequency data tlelined as the number of nematodes 
of a particular species espressed as a percentage of the 
total number of worms within that host. The data were 
sLMidaidiscxl prior to analysis as (actual value - mean 
value for the variable) -r standard error for the variable. 

The data were arranged in a correlation matrix 
whose, columns (variables) were the parasite species 
and rows were the individual animals. Componenl axes 
were dcfincil from currelaliotis between the variable.s 
(parasite species numbers) The coordinates of each 
variable were then expressed in telittionship to the new 
axes. Axes 1 to 3 were studied, the percentage of 

TABLt 4. Percentage of total variability expressed by 
comp'/fieni axes I, 2 and 3 fothiwlng Prlnclpat ( .'ompone/ir 
Analysts (PCA) of the intensity and frequency of infection of 
Pcnogile spp.. Macropus gigameus and M. rufu.\ with 
nematode parasites. 



Host species 


Axis 1 


Axis 2 


Axis 3 

(1 


Toial 

+ 2+3) 


!\:iroguk spp. 


Intensity 


34.4 


22.0 


J8.7 


7.5.1 


Frei|uency 


31.6 


23.S 


19.2 


74 6 


Macfcipus giganteus 


Iniensitv 


28.0 


24.5 


18 4 


70 9 


Frequency 


33.6 


21.3 


18.3 


73.2 


Macropus rufus 


fnieasiiy 


37.0 


19.7 


16,8 


73.5 


Frequency 


31.2 


18.6 


18.0 


67.8 



variability accounted for by each axis berng indicated 
lor each PCA in Table 4. 

For each host species and each set of data, i.e. 
intensity and Irequency. Euclidean distances between 
parasite species were calculated by applying 
Pythagoras' theorem to the coordinates of each 
variable, i.c. parasite species, was located vvithin (he 
three dimensional space constructed by axes I to 3 
(Table 5) These distances characteri.sed quantitatively 
the relaiioii between nematode species. The inimmuiu 
value for these distances was 0, the maximum 2 
Di-stance values > 1.2 and < 0.8 arc considered 
indicative of negatix'e and positive interactions between 
species respectively (Hoste & Cabaret 1992). 

In each host species, the distances betwee.n each pair 
of nematode species were calculated in the three planes 
and ilie result was called D^. These D, distances were 
lilted to the logarithmic model of Molomura (1947) 
i.e. the decimal logarldims of di.stances were regressed 
on the rank of each species pair According to 
Moiomura's (1947) model, the log,g of the abundance 
of a species i.s correlated with its rank in the order 
of moiit abundant to least abundant species. 

In addition, in order to represent the relation of one 
particular species to others present in the stomach, 
mean distances were calculated as the averages of tile 
Dj distances for each pair of worm species including 
the jiaiticulai species of interest. These mean distances 
were called D, in both species of kangaroos as they 
wcic distances between a given parasite taxon and five 
others, and called D,. in die case of the rock wallabies 
since the distance was from six other taxa, 



T ABt.t .S . Coordinates of nematode species on component ores / . 2 am/ 3 following a Principal Component') Anohsis (PCA) 
perjvrmcd on the intensity and frequency of infection n/Petmgale spp., Macropui gigameus and M. rufus. with nematode 
(Ktrasites. 



Host 


Parasite 


[nien.dty Data 
A.xis .Axis Axis 

1 2 3 


Frequency Data 
Axis Axis Axis 

I 2 3 


Pelro,itale spp. 


Claacina sp. 1 


-0.625 


0.3JI 


0.497 


0.382 


0.070 


0.772 




C hvdrijdrmis 


-0.218 


-0.813 


-0.084 


41..X38 


0 768 


0 124 




C. parva 


■0.783 


0.298 


-0.448 


-0.629 


0.501 


-0.453 




C. peorsoni 


0.863 


0.179 


-0.394 


-0.743 


0.319 


0.409 




C. petragale 


-0.456 


-0.785 


0.137 


-0.224 


•0.838 


-0.248 




Rugopharyns i'.eta 


-0.636 


-0.081 


0..505 


0,912 


0.039 


-0,112 




Filurinema spp. 


-0.024 


0.198 


0.653 


0.349 


0.120 


-0,538 


‘^ii^Qnteus 


Jfu^ophar\rLX (jusirutis 


0.653 


0.594 


0.169 


0.954 


-0.244 


0.051 




P. kappa 


AI.305 


0,262 


0 673 


-0.109 


0.876 


-0 220 




Cloadna spp. 


-0.374 


0.714 


-0.294 


-0.906 


-0.248 


0.039 




Uihiostrongylus spp. 


-0.370 


■0.077 


0.688 


0.076 


0.614 


0.450 




R. rosemariae 


-tl.517 


0.647 


-I.M35 


-0.444 


-0.120 


0.582 




Strongyhides sp. 


0.785 


0.337 


0.216 


-0.264 


-0.010 


-0.710 


Macropus ruju.) 


lahlostrongylus longtspU-.hbm t 


0.t>04 


0.391 


0.878 


0.162 


-0.088 


0.622 




Filariuema spp. 


■t.1.686 


U.060 


0.014 


-0.4K7 


-0.844 


0 141 




Rugopharynx australis 


-o.yoo 


-0.i33 


0.087 


0.988 


0.037 


-0,132 




Cloadna spp. 


■0.503 


0.627 


-0.019 


-0.318 


0.419 


0.578 




\%llabinctrui cabbt 


<1.819 


-0.1. Ml 


-0.167 


-0.050 


0.259 


0.386 




Pupillostrvngylus sp. 


-0.138 


-0 769 


0.452 


-0.728 


0.393 


-0.417 
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Results 

Avereif^e distances of individual species from remaining 
species (D, and DJ 

Comparison of the mean euclidean distances (or each 
worm species with related species in the three different 
hosts showed several similarities (Fig. 1). Firstly, in 
the three host species, the mean distances calculated 
from the frequency data were generally higher than 
those calculated from the intensity data. Secondly, no 
mean distances calculated from intensity or frequency 

a 







Fig. 1. Mean distances <D. & between individual 
parasite taxa, based on both intensity (closed hi.stograms) 
and comparative frequency of nccmrence (open bisiognuiis) 
in (a) Petrogate spp. , (b) Macropus giganteus and (c) 
M. rufu.\ calculated from principal components anatysis 
(PCA). 

1 .egend; C, Cloacimi spp.; Cl, Cloucina Irydrijonuis; C2. 
C. pc/rva; C3. C. pearsoni: C4, C. pelrogale; C.% C sp.; 
F, Filarincma spp.; L, Labiosirongyius spp.; PA, 
Papdtohlrongylus sp. ; P, P/taryngosIrongylus kappa; R, 
Ruguphlrynn uusinilis; R1, R zeta; R2, R. roseimhae; 
S. hrongyioides sp.; W, WetUubmema cobhi. 



data exceeded 1.2 which is suggestive of no negative 
association between species. Thirdly, based on the 
frequency data, the highest ralucs of were 
associated with the species Rugopharynx australis in 
both of the kangaroo species. I'hough not so marked, 
a similar situation prevailed with R, zgta in rock 
wallabies having a value as high as any otlier of 
the other associations. 

Average distances between species pairs 
distances) 

Comparison of the ranked D, distance distributions 
in the three host species added to the results obtained 
by analysis of the D, and distances. In the PCA 
performed on the frequency data (Fig. 2), the rank 
distribution of. the D, distances for the 15 pairs of 
worm species in the red and grey kangaroos, and for 




Fig. 2. Ranked distances (D,) between parasite species paint 
based on comparative frequenty of occurrence in (a) 
Pelrogale spp., (b) Afacropus gigtuueus and (c) M. ruins 
calculated from principal components analysis. 

Legend as for Fig. 1. 
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ihe 21 pairs in Ihe rock wallabies lilted Moloniura's 
model. Additionally, some of the distances between 
nemalnde species were high (> 1.2) which suggests 
negative interactions. This observ-ation was made in 
the three different ho.st si7ecie.s, and among tho.se pairs 
e.shibiiing the highest distance values, Ru^opharvnx 
spp were u.sually present. These results .suggest that 
Ri4^rpharyru was negatively associated widi tlie oihei 
worm species based on the frequency analyses. 

The Dj distances calculated from the intensity data 
<Fig. 3) were lower than those obtained from PCA 
pcriormed on the irequency data. In the three dilferent 
host species, dtc D, distances were less than 1.2, and 
u.sually less than 1.0. which tends to indicate Ihe lack 
of any significant negative association between 
nematode s|>ecies. The rank disl.ributum of patterns of 
these D- di.stances also fitted Mofomura's model. 
When emnpared to the distribution of the 




Tie. 3. Ranked tlisianccs (D.) between parasite specks pairs 
based on inlensitie.s of infection in (n) PyrroyytW spp. tbi 
Mai rtipun yiiganieus and (c) M. infun cakukaial fmm 
principal components analysis, 
t.cgend; as for Fig. t. 



dtstaiices obtained liom the frequency analysis, the 
order of the different pairs in the intensity data was 
distinct, with a less well defined ranking of 
ftugnpJuin'iix auxtralis. 

Discussion 

The results of analysis both of frequency and 
intensity of infeclion data for all three species of 
macropod id hosts can be fitted to Motomura’s model 
(1947) for density assucialions between pupiilalions of 
similar species within the same biotope and suggest 
the exisleiite o4 stable nematode ciimmutiiiics in the 
siom,achs of the macrxipodid species examined. 
Furtherroore, moot of the D, distances calculated on 
the intcn.sity data were less than l.tl and even less than 
0.8. As these distances are thought to reflect the 
intensity of parasitism at the suprapopulation level nr 
host population level, this fact provides additional 
evidence of the preponderance of positive associations 
between component species and hence infers the 
existence of stable communities. Positive associations 
ate known to occur in Ihe case of other host groups 
acquiring ihcir parasite infections from grazing pastures 
contaminated wilh various species of infective third 
stage larvae of nematodes such as ruminants (Diez- 
Ranos el al. 1992; I losle & Cabaret 1992). On the other 
hand, the frequency-based distances mainly reflect the 
iilfracommunity present In the individual host, and the 
iacl that the frequency-based distances were generally 
greater than those derived from intensity data suggests 
that additional regulalory facuirs are mvulved at die 
suprapopulation level, as occurs also in the case of 
lumiiianls (Hosleii Cabaret 1992). The regulation of 
nematode pivpuiaiions in kangaroos is not well 
uiidersiood. Sntiiles & Mawsisn (1978) and Arundel ei 
(it. (1990,1 demonstriiled that in (he case of (he Tammar 
wallaby, M. eugenii and eastern grey kangaroo M. 
yciganteui'. in winter rainfall areas of South Australia 
and Victoria, there was an increase in the number of 
nematodes present in ibe stomach during the moist 
winter months which is the most favourable period of 
the year for larval development in the e.xteinal 
envininmenl. Arundel etal. (1990) also demonstrated 
an effect of host age on cenain stx^clcs of nematodes 
(e.g. Rugof/haryfLi: roxe/nariae), with juvenile animals 
exhibiting a higher prevalence and intensity of 
infection, while in other nematode genera (Cloacino, 
!^p.. R. uuxtnilis\ intensity was iiigher m adult hosts. 
By contrast, die study by Arundel et al. (1979) on the 
kangaroo, M. rufus, in the arid, non-seasonal 
rainfall region of western New South Wales indicated 
in the case of several of the dominant nematode species 
auslralis, WjUabinerna cobhi) that there was no 
seasonal effect on intensity of infection and that 
intensity of infection increased linearly wilh host age. 
In al! of tliese ihiee Mucropu.s species. Labiosinmgylu.i 
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ipp. cxhihiorJ an unique pnilern of ilexelopmcm, with 
larval stages maturing over a period cif several moiwbs 
during the summer (^Mykytowycr Sc. Dudzinski I9fv5; 
Smales it Mawsvifl 197Ra: Arundel et al. 1979i. 
Recause nF the lack of detailed 'knowledge of the way 
ui which nematode populations in kangaroos are 
regulated, it is difficult lo explain what ihc additional 
regulatory laciors at the suprapopulaiion iaferred by 
I he present analysis might be. However. Pettcr (1966) 
also Idund an effect of host age and season on 
interactions between the oxyuioid nematodes of 
iorini,ses, suggesting that these might be gcnetal 
phenomena. 

Ill contrast to other studies on gastro- intestinal 
srrongylid nematodes (Hoste & Cabarw 1992; Dicz- 
Banos et at. 1992). aiialy.sis of populations oi‘ die 
.stomach-Mihabilihg nematodes parasitic in three species 
of macropodid hosts failed to leveal evidence of 
extensive negative interactions between nematode 
species, Tlie only suggesiion nf negative as.sociations 
inwrlved HugtipkaryKX au.tintJb in red and grey 
kangaroos, and in both of these kangaroos, /?. au.ttmJi.t 
is numerically the dominant stomach nematode 
(Arundel et at. 1979. 1990; Beveridge & Arundel 1979). 
In the case of the ruck wwllabiw tw particular donunani 
species emerged. Rtt^opharynx zeta occurred al a 
IngJier rmensily in tuck wallabies than other gastric 
Dcinatodes. but occuiTcd at a prevalence of only 50% 
Cloacino pmrsuni and C. parxa by conltast occurred 
in 100%. of the hosts oamined hut at a lower intensity. 
Tlie differences in inien.sily and prevalence may 
counler.ncl one another to present a cominumiy in 
which there are few negative interactions. An additional 
consideration when comparing data from rock 
wallabies with that from the kangaroos is that in the 
foimei ease, luasis were collected over a wide area ol 
northern Queensland, compared with single localities 
for each of ihe kangaroo species. 

Ne-gafivo associations are evident in the frequency 
data only, which refers essentially to the tnfrjpopulalion 
at the individual host level; there is no such evidence 
from analysis of the raw intensity data, which relates 
to the parasite suprapopulaiion or the host population 
level. However, Holmc.s (19861 has cautioned that 
tnieraetions are Irwjuenily ohveured when suprapop- 
uluiion.s ate considered and that the optimum merhixl 
fur deleeuon of interaction i.s at the infrapopulation 
level, a conclusion which is clearly suppoiied by the 
current resulh. 

Thus, the rmnuioJe cummunities present in Uie three 
species of tnja.ropodid.s examined here demonstrate 
.similar features In being stable, and probably mainly 
nun-competilive communities, with the exception of 
Ru!^t.yph4iryit.x australis This lack of negative 
associations contrasts sharply with the results of Busli 
& Holmes (1986a) /rom studies on the cestodes of 
duckj and those of Hosts & Caboret (1992) arul Dlcz- 



Banos rr al. (1992) for ruminants. Rohde (1979) 
suggested that in ntm-inteructTvc cominuiuties not all 
niches arc filled, there is no basis tir competition and 
differential localisalton of parasites occurs because it 
faciliialcs rcpmiluetiun rather than minimises 
cornpeliliitn Rohde's hypulhesis U979) i.s ihcrdbrc 
consistent with the data curiently available fbi 
nematode comniunities parasitic In the stomachs of 
macropodids. The kangaroo stomach is a retalivcly 
enormous organ in compariaevn with titc size of 
parasites, and data from various sources (e.g. Beveridge 
& Arundel 1979) suggests ilial healthy macropodids 
are capable of harbouring numbers of nematodes far 
in excess of Ihose encountered in this study. Hence it 
is not unreasonable to assume that vacant niches are 
abundant within kangano stomachs, given the proviso 
that nematode numbers only have been examined, 
without any consideration of their retaiivc bioma.ss. 
Whether the differentia! localisations of nematodes 
observed are due to reproductive strategies or due to 
the presence of competition in the past, during the 
evolution of the parasite community xiruclure, is not 
clear. 

Pnoc (1986) predicted that considciabJe vanalion in 
community characteristics rnighl be expected when a 
sufficiently wide range of cominunitiea wus examined. 
The present results indicate iltat speciose nemaiode 
communities of homocothcrmic vertebrates, while 
stable in their structure, may not necessarily dUplay 
significant negative associations between their 
component members. 
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